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As there is no magnetic material in this chamber, it is possible, 

although somewhat lengthy, to compute the magnetic field by integrating, 

all over the coils, the contributions coming from each current’s element. 

This method is used by a program written by H. Desportes at Argonne. 

Here has been tried a different approach, which is to find a poly- 

nomial expansion for the field, the coefficients of which being computed 

by a fit. One uses as data a sample of points in the chamber where the 

field is known from the previous exact method. For that purpose 390 

points are chosen at random inside the chamber. Results are the 

following: 

‘Core used Exact method 3052 

Polynomial method 174 

Time (PDPIO) per point Exact method 266 msec 

Polynomial method 5 msec 

The accuracy of the polynomial method with respect to the exact one is 

shown by the figures: 

Maximum error on z-component 0.97% of the field at center 
of the chamber 

Mean error on z-component 0.13%. 
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The preceding is valid for a 15-polynomial expansion. A better 

accuracy can be obtained by increasing the number of polynomials. As 

an example, for 16 polynomials one obtains O,65% maximum error and 

0.093% mean error. 

The polynomial expansion used. 

Inside the chamber the following two equations hold: 

curl IZ = 0 

div I%= 0. 

So one can write H’ = e F with AF = 0. 

One can make an expansion of F in terms of the harmonics poly- 

nomials r B im$ m e P1, (u) with 

4 = Arg(x + iy) 
2 r = x2 + y2 + z2 

Z 
U =- 

r’ 

p” is a so called Legendre’s associated function. 

The cylindrical and up and down symmetries give the selection 

rules m = 0 and I odd. 

Taking advantage of various properties of the PJm, one can write 

down for the field 
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with 

where 

QrQ-’ X 1 
r .t 

QrQ'l Y 
F Ip 

QrQ-1 (uIQ+ Ja’ 

Ja = pm-i 
- UP Q - UP 

1 2 
IQ = pQ Q-l 

. 
-U 1 2 -U 

The polynomials IQ and JQ are computed by means of the recurrence 

formulas: 

[(2Q+1)(2Q+3)u2 

JQ+2= 
- Q (Q+2)] JQ+(Q+1)(2Q+3)uIQ 

> 
(Q+l)(Q+2) 

I 
(2Q+l)uJQ+(Q+1)IQ 

Q+2=- 
9 

Q+2 

and Id=0 Jj=l. 
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Table I. Magnetic Field. 


